INTRODUCTION
Dry land areas are stressed environments in terms of water availability and fluctuations in moisture content. Diverse groups of microorganisms associated with these areas are found to produce secondary metabolites such as exopolysaccharides (EPS), which aid in their survival (Decho et al., 1993) . Production of EPS as a stress response and survival mechanism under extreme environments has been documented (Nichols et al., 2005) . Concentration and composition of microbial EPS dramatically changed under stress conditions (Konnova et al., 2001) . Capsular material of A. brasilense Sp245 was found to contain high molecular weight carbohydrate complexes (lipopolysaccharideprotein [LP] complex and polysaccharide-lipid [PL] complex) that could be responsible for protection under extreme conditions, like desiccation. Addition of these complexes to a suspension of decapsulated cells of A. brasilense Sp245, significantly enhanced survival under drought stress (Konnova et al., 2001) . Exopolysaccharides are hygroscopic in nature (Morse, 1990 ) and therefore may maintain higher water content in the colony microenvironment as water potential declines and helps in survival of microorganisms (Roberson and Firestone, 1992) . Microorganisms are better suited, since they exhibit high growth rate and are amenable to manipulation of conditions for enhancing growth and EPS production. Bacteria produce wide range of exopolysaccharides (Rehm, 2010) . Their components and content heavily depend on many factors, such as bacterial group, cultivation time, substrate and growth state (Read et al., 1987) . They are rich in high molecular weight polysaccharides (10 to 30 kDa) and have wide range of chemical structures of homopolymeric or heteropolymeric type, made up of sugar and non-sugar components, and the range of monosaccharide combinations, together with non-carbohydrate substituents and varied linkage types, makes the EPS an excellent agent and attributes diversity in bacteria (Celik et al., 2008; Kumar et al., 2007) . Therefore, bacteria may be regarded as abundant source of structurally diverse polysaccharides with diverse roles in nature, some of which may possess unique properties for special applications such as improvement of water holding capacity of soil, through improved soil aggregations (Asharf et al., 1999; Alami et al., 2000). Despite their ubiquitous distribution, a great lack of knowledge exits concerning the factors that regulate the EPS synthesis. Though, structural elucidation of the polysaccharide is a part of glycomics (Hirabayashi, 2003) , their application is important and largely depends on the survival and production of EPS by Bacillus spp. under stress conditions. The acquisition of drought tolerance in Bacillus spp. is associated with various structural and metabolic changes including a decrease in metabolism and in increase in carbohydrates such as exopolysaccharides (Brown, 1990) . EPS from bacteria are complex mixture of high molecular weight polymers forming microbial aggregates that adhere to surfaces and help in cementing soil particles together. In their native state, polysaccharides are easily degraded by other microorganisms but they appear to be protected from such degradation soon after they are firmly bound within an aggregate or incorporated into clay lattice. The exopolysaccharides are attached to clay surfaces by means of cation bridges, hydrogen binding, Van der Waals forces and anion adsorption mechanisms. This, organic products may further promote aggregate stability by reducing wettability and swelling (Hillel, 1982) . Stability of soils against erosion and improvement of the soil physical conditions for plant growth are closely related with aggregation. Aggregation is an important part of soil formation because it influences the soil behaviors in infiltration, aeration, root penetration, and reducing runoff. Soil aggregation and water infiltration increases when EPS producing microorganisms are added to crop development. Bashan et al. (2004) reported the role of polysaccharides producing Azospirillum in soil aggregation. Drought stress limits growth and production of crop plants, particularly in arid and semi-arid areas (Kramer and Boye, 1997) . The interaction of drought with other important factors for ecosystem functioning, such as soil aggregation, needs to be studied to gain insight into the impact of drought enhancement. EPS producing bacteria are known to be important for soil aggregation. A key factor in the contribution of Bacillus spp. to soil aggregation is production of EPS under drought stress (Ashraf et al., 1999). Kohler et al. (2006) showed the participation of one of the plant growth promoting rhizobacteria, Pseudomonas mendocina, in both stabilization and promotion of soil fertility. The presence of EPS in soil bacteria has been described primarily in Rhizobium spp. with its primary role in soil aggregation, leading to increased water retention in the rhizosphere (Amellal et al., 1998; Kaci et al., 2005) An EPS producing strain Pseudomonas putida strain GAP-P45 could form biofilm on the root surface of sunflower seedlings and showed improved soil aggregation and root adhering soil stability (Sandhya et al., 2009 ). The EPS is biological active matrix with Exopolysaccharides (EPS) of microbial origin with novel functionality, reproducible physico-chemical properties, are important class of polymeric materials. EPS are believed to protect bacterial cells from dessication, produce biofilms, thus enhancing the cells chances of bacterial colonizing special ecological niches. In rhizosphere, EPS are known to be useful to improve the moisture-holding capacity. Three Bacillus spp. strains identified by 16s rDNA sequence analysis as B. amyloliquefaciens strain HYD-B17; B. licheniformis strain HYTAPB18; B. subtilis strain RMPB44 were studied for the ability to tolerate matric stress and produce EPS under different water potentials. EPS production in all the three Bacillus spp strains increased with increasing water stress indicating correlation between drought stress tolerance and EPS production. Among the isolates, strain HYD-17 showed highest production of EPS. The exopolysaccharide composition of the three strains was further analyzed by HPLC. Drought stress influenced the ratio of sugars in EPS and glucose was found as major sugar in strains HYTAPB18 and RMPB44 whereas raffinose was major sugar found in strain HYD-B17. Inoculation of EPS producing Bacillus spp. strains in soil resulted in good soil aggregation under drought stress conditions at different incubation periods. This study shows that exposure to water stress conditions affects the composition and ratios of sugars in EPS produced by Bacillus spp. strains HYD-B17, HYTAPB18 and RMPB44 influencing abiotic stress tolerance of the microorganisms.
interesting physico-chemical and rheological properties with novel functionality act as new biomaterials and have wide range of applications. In the recent years, search for novel microbial exopolysaccharides and wide variety of microbial strains are reported to produce polysaccharides with varied compositions and several of these polysaccharides have been investigated to contain interesting and useful properties. (Yalpani, 1987) . The present investigation was aimed to determine correlation between drought tolerance and EPS production and EPS production on soil aggregation by three Bacillus spp. It is also aimed to investigate effect of water stress on monosaccharide composition of EPS.
MATERIAL AND METHODS

Microorganisms
Bacillus spp. strains namely, B. amyloliquefaciens HYD-B17; B. licheniformis HYTAPB18; B. subtilis RMPB44, used in the present study were isolated (Sandhya et al., 2009) from rhizosphere of crop plants grown under different semi arid zones and screened for drought tolerance in Trypticase soya agar (TSA) (pancreatic digest of casein, 17 g; papaic digest of soyabean, 3 g; NaCl, 5 g; K2HPO4, 2.5 g; dextrose, 2.5 g; Agar, 20 g; per liter) at different water potentials (-0.05, -0.15, -0.30, -0.49, -0.73 MPa) using polyethylene glycol (PEG 6000) The 16S rDNA gene sequences of these strains have been submitted to GenBank under the accession numbers GU120097, GQ160905 and GQ160904 respectively. The cultures were maintained on trypticase soy agar under refrigerated conditions.
Growth kinetics under normal and drought stress (-0.73MPa)
Exponentially grown bacterial culture (10 9 CFU ml -1 ) was inoculated in TSB medium without and with PEG6000 (-0.73MPa) and incubated on shaker at 30 0 C. Cell population was estimated at 2 h intervals by plating on respective media and recording optical densities with a spectrophotometer (A600nm). The numerical values were log transformed and plotted against time. Mean generation time calculated according to the formula log10 Nt = log10 N0 + g log10 2 where, Nt is colony count at final logarithmic growth time; N0 is colony count at initial growth logarithmic time; g is mean generation time. Capsule formation by cultured bacteria was examined by indian ink staining both under non-stress and droughtstress conditions.
Effect of drought stress on EPS production and monomer composition of EPS
Drought tolerant isolates were analyzed for their ability to produce EPS (Sandhya et al., 2009) under no stress and different stress levels . For extraction of EPS, 3days old cultures raised in TSB (with, and without PEG) were centrifuged at 20,000 g for 25 min and the supernatant was collected. This loose layer was collected and resuspended in 0.85% KCL and recentrifuged as above to separate capsular material from bacterial cells. The pellet was washed twice with 0.85% KCl for complete recovery of EPS. The pooled supernatant was checked for cell disruption by testing the presence of DNA by using DPA reagent (Burton, 1956 ) and protein concentration by Bradford method (Bradford, 1976) . The supernatant was filtered through 0.45μm nitrocellulose membrane and dialysed extensively against water at 4 0 C. The dialysate was centrifuged to remove any insoluble material and mixed with 3 volumes of ice-cold absolute alcohol and kept overnight at 4 0 C. The precipitated EPS was collected by centrifugation at 10000g for 15 min, suspended in water and further purified by repeating the dialysis and precipitation steps (Sandhya et al., 2009 ). Total carbohydrate content was determined in the precipitated EPS (Dubois et al., 1956 ). Uronic acid content was determined also estimated with D-glucuronic acid as the standard (Blumenkrantz and Asboe-Hansen, 1973). The precipitated EPS of the isolates was hydrolyzed with 2 volumes of 2.5M H2SO4 at 100°C for 1h, then the solution was neutralized with 1M sodium carbonate and spotted on the silica gel plate (Silica gel 60F254; Merck). The plate was developed in a thin layer chromatography chamber using n-butanol: acetic acid:water (4:1:5v/v) as the mobile phase at room temperature. The plate was dried, sprayed with alkaline potassium permanganate, and incubated at 100°C for 10 min. The Rf values of colored spots were measured and compared with those of standard carbohydrates (glucose, mannose, fructose, mannitol, arabinose, xylose, rhamnose, raffinose, galactose, and glucuronic acid) (Horborne, 1976) . The monosaccharide composition of exopolysaccharide samples was determined by HPLC (LaChrom HPLC system, Merck, Dietikon, Switzerland) with a refractive index (RI) detector (Bio-Rad, Switzerland), using Aminex HPX-87H ion exclusion column (Bio-Rad, Rheinach, Switzerland) and acetonitrile: milli Q water (75:25) as mobile phase. The organic acids were determined with PDA detector (Bio-Rad, Switzerland) connected following RI detector. Column temperature was maintained at 30 0 C. 20μl sample and standards were injected and chromatographed at a constant flow rate of 1ml min -1 (mobile phase). Monomer analyses of EPS were carried out by Vimta analytical laboratory, R& D Centre, India.). Peak integrations were carried out with the Millenium HPLC software package (Waters).
Aggregation of soil by EPS producing Bacillus spp.
Soil used for aggregation studies was collected from homogeneous horizon (0-20 cm) of Gunegal research farm (GRF), CRIDA, Hyderabad, India, a semiarid region under rain-fed production system. The soil was air-dried and sieved (<2 mm) before being analyzed for the physico-chemical properties. The soil contained 71% sand, 3% silt, and 26% clay with 1.60 Mg m −3 bulk density, 39.9% total porosity, and 37.9% water holding capacity; it had pH 7.0 and electrical conductivity of 0.103 ms. Organic C, total N and total P content of soil were, 0.62, 0.12, and 0.05 g/kg, respectively. Soil water content, determined by drying the initially saturated soil at different matric potentials by pressure plate apparatus (Santra Barbara,CA, USA), was 16.5% (−0.3 MPa). The EPS producing, Bacillus spp. strains were grown in TSB and centrifuged at 2000 g for 10 mins and the pellet obtained was washed with saline (0.85% Nacl) twice to remove media components. Pellet was suspended in sterile distilled water (10 9 cells ml -1 ). 100 g soil sample was transferred into conical flask, sterilized and inoculated with different volumes of bacterial suspension (0, 2ml, 4ml, 6ml, 8ml and 10ml) maintaining six replicates. In control, flasks with soil samples were treated with sterile distilled water. The inoculated soil samples were incubated for 1 week at 30 0 C. During incubation period, soil samples were kept under near the field capacity for non-stress and 40% (6.5% of field capacity) water holding capacity for drought stress conditions respectively. At the end of the incubation period, aggregate stability percentage of the samples was determined using wet sieving method (Bartoli et al., 1991) . EPS was extracted from soil by heating the samples at 120 o C with 5 N H2SO4 for 30 min and filtered through glass fiber filter. Samples were further extracted once with boiling water. The extracts were pooled, and the amount of carbohydrates was estimated by the method of Dubois et al. (1956) .
Statistical analysis
The experiment belonging to EPS production and soil aggregation was performed in a completely randomized fashion with three replicates. Each analysis was done on two samples from each replicate. Results of each representative experiment were analyzed by one-way ANOVA. P values less than 0.05 are considered significant.
RESULTS AND DISCUSSION
Bacillus spp. growth under water stress
All the three isolates could tolerate matric stress up to -0.73MPa (Figure 1 protein) under maximum level of matric stress (Figure 3 ). Uronic acid production was also observed under drought stress in all the strains, with strain RMPB44 showing maximum production (26.23 μg ml -1 ) followed by strains HYTAPB18 (21.42 μg ml -1 ) and HYD-B17 (11.65 μg ml -1 ). A positive correlation was observed between different levels of matric stress applied and EPS production in all three strains. An increase in the production of EPS with increasing matric stress has been reported in Pseudomonas spp. (Roberson and firestone, 1992 , 2002) . In the present study, drought stress was an important stress factor that might have increased EPS production in Bacillus spp. (a), HYD-B17,non-stress; (b,c), HYD-B17, drought-stress; (e), HYTAPB18, non-stress; (f, g), HYTAPB18, drought-stress; (h), RMPB44, non-stress; (i,j), drought-stress Determination of the monomer composition of the exopolysaccharide is the first step towards understanding its role in drought tolerance. Under drought stress (-0.73MPa) monomer composition and ratios of sugars changed. Drought stress increased the ratio and composition of monosaccharides in the EPS of all the three Bacillus spp. strains compared to non-stress. Glucose was common monosaccharide detected for three Bacillus spp. strains both under non-stress and drought-stress conditions but the ratio of glucose to other monosaccharides decreased in strain HYD-B17 on exposure to drought stress whereas the ratio of other sugars such as mannose and xylose increased under drought stress and an additional sugar raffinose was detected. In case of strains HYTAPB18 and RMPB44 drought stress increased the ratio of glucose and raffinose in the EPS. Raffinose was a major sugar in strain HYD-B17 under drought stress and glucose was a major sugar found in the EPS of strains HYTAPB18 and RMPB44 under drought conditions. These sugars are typically found in bacterial EPS (Kenne and Lindberg, 1983). Manca et al. (1996) reported a sulphated heteropolysaccharide, composed exclusively of mannose and glucose in Bacillus thermoantarcticus strain. It is thought that differences in the monosaccharide composition and ratios of EPS may influence abiotic stress tolerance of the microorganisms (Hussain et al., 2014; Ozturk and Aslim, 2010). In all the three Bacillus spp. strains glucuronic acid in a range of 18 to 36% was detected in EPS only under drought stress condition, indicating relation between EPS composition and the drought tolerance in Bacillus spp. It is reported that exopolysaccharides produced by marine bacteria generally contain 20-50% of the polysaccharide as uronic acid (Kennedy and Sutherland, 1987) . In a study on bacterium Halomonas isolated from hyper saline habitats contain high uronic acid with acidic carboxyl group that is ionisable at saline pH conditions, this contributes a negative charge to the overall polymer counteracting negative effect of salt ( 
Bacillus spp. and soil aggregation
The effects of different population sizes of Bacillus spp. strains HYD-B17, HYTAPB18 and RMPB44 on aggregation stability and EPS concentration under non-stressed and drought-stressed conditions are given in Table 2 respectively. Effect of inoculation doses of each Bacillus spp. strains on aggregation and EPS content was higher under drought stressed condition compared to non-stressed condition. A corresponding increase in EPS production and percent aggregate was observed with increase in inoculum dose. However no significant difference was observed between 8 ml and 10 ml dose with respect to percent aggregation except under drought stress samples inoculated with strain HYD-B17 (Table 2) . Therefore 8 ml dose was selected for further studies on effect of incubation period on EPS production and percent aggregate. In all the inoculated soil samples HYD-B17 could show higher EPS content and aggregate stability percentage compared to strains HYTAPB18 and RMPB44. The effect of different incubation periods (I, II, III, IV, V weeks) on aggregation and EPS of the samples inoculated with 8 ml culture dose was studied for all the three strains ( Figure 5 ). A sharp increase in EPS production was observed after one week followed by a steady increase up to three weeks under non-stress and four weeks under droughtstress conditions for all the strains. There after a sharp decline was observed in EPS production. Percent aggregation showed a positive correlation with EPS production for all the treatments. For all the incubation periods EPS produced under stressed conditions was significantly higher than under non-stressed conditions for all the three strains. Microbial exopolysaccharides due to high C content can be an important factor affecting soil aggregation (Aisha et al., 2014; Roberson et al., 1995). There is strong evidence that exopolysaccharides contribute to soil aggregation stability (Martin, 1971; Bashan et al., 2004) . EPS forms an organo-mineral sheath around the cells, which leads to an increase in microaggregates as an indirect additional effect improving the soil structure. Microbacterium arborescens have been shown to cement soil particles together by forming polysaccharide substances (Aureen, 2009 ). Forster (1979) has stressed the importance of bacteria in the aggregation of dune sand. Inoculation of EPS producing Rhizobium spp. increased aggregate stability under drought stress (Alami et al., 2000) . Increase in aggregate stability was observed with increase in inoculation doses of Bacillus spp. strains HYD-B17, HYTAPB18 and RMPB44 both under no stress and drought stress, however increase was higher under drought stress due to increase in EPS production. Among the three Bacillus spp. strains inoculated, strain HYD-B17 could show higher aggregate stability due to higher production of EPS as reflected by high monomer composition under drought stress conditions. A positive correlation was observed between bacterial population size and EPS production and aggregate stability indicating that a threshold population is required for effective soil aggregation. Further incubation period also play important role in EPS production and soil aggregation. Under non-stress conditions an increase in EPS production and soil aggregation was observed up to three weeks followed by decline whereas under stress conditions an increase in EPS production and soil aggregation was observed up to four weeks. Further amount of EPS produced and soil aggregation was significantly higher under stress conditions than under non-stress conditions at different incubation periods. Under stress conditions bacteria produce more EPS to prevent the cells from matric stress. The excess EPS thus produce also improves soil aggregation under stress conditions. It has been reported that Pseudomonas spp. increases its EPS production with increase in water stress (Roberson and firestone, 1992) . The levels of total carbohydrates are higher in soils after drying (Kohler et al., 2009) . Organic fraction during soil drying can be used as carbon and energy source by inoculated microorganisms, contributing to the enhancement of microbial activity (Kohler et al., 2009) . EPS has the ability to concentrate dissolved nutrients in the bacterial microenvironment during drought stress, which could have been the reason for more bacterial activity resulting in more EPS production that led to increase in aggregation. Aggregation decreased at the end of fifth weeks, it may be explained that due to decrease in substrate material in the soil, affected the bacteria activity and decreasing the production of binding agent (EPS) and also due to consumption of binding agent with increasing incubation period (Waksman, 1952) .
CONCLUSION
This study suggests the fact that EPS molecules are involved in ecological roles by channeling energy and nutrients for growth and protecting the Bacillus spp. cells against water limited environments and contributing to the improvement of soil structure as shown by highest aggregate stability in relation with increase in EPS production by Bacillus spp. under drought stress. Thus inoculations with Bacillus spp. may be useful in restoration of soil structure.
